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Claims 

[ci] 1. A method for fabricating a non-volatile memory, the 
method comprising: 
providing a substrate; 
forming a mask layer over the substrate; 
forming a trench in the mask layer and the substrate; 
forming a tunnel dielectric layer in the trench; 
forming a floating gate in the trench; 
removing the mask layer; 

forming a high-voltage doped region in the substrate on 
one side of the floating gate, the high-voltage doped re- 
gion serving as a first source/drain region and a control 
gate; and 

forming a second source/drain region in the substrate 
on another side of the floating gate. 

[c2] 2. The method of claim 1, further comprising: 

forming a gate dielectric layer over the substrate; and 
forming a select gate on said the other side of the float- 
ing gate, the select gate being located between the sec- 
ond source/drain region and the floating gate and being 
isolated from the substrate by the gate dielectric layer. 



[c3] 3. The method of claim 2, wherein the floating gate is a 



doped silicon layer, and the method further comprising: 
performing a thermal oxidation process to form a ther- 
mal oxide layer on top of the floating gate after the 
floating gate is formed, wherein the thermal oxide layer 
has a shape such that the floating gate has sharp edges; 
and 

forming spacers on exposed sidewalls of the floating 
gate after the mask layer is removed. 

[c4] 4. The method of claim 3, wherein the spacers comprise 
oxide/nitride/oxide (ONO) composite spacers. 

[c5] 5. The method of claim 1, wherein a bottom of the high- 
voltage doped region is as deep as a bottom of the float- 
ing gate. 

[c6] 6. The method of claim 1, wherein the high-voltage 

doped region extends to a region underneath the float- 
ing gate. 

[c7] 7. The method of claim 1, wherein the floating gate 
completely fills the trench. 

[c8] 8. A method for fabricating a non-volatile memory, the 
method comprising the steps of: 
providing a substrate; 
forming a mask layer over the substrate; 
forming a pair of trenches in the mask layer and the 



substrate; 

forming a tunnel dielectric layer in each trench; 
forming a floating gate in each trench; 
removing the mask layer; 

forming spacers on exposed sidewalls of each floating 
gate; 

forming a high-voltage doped region in the substrate 
between the trenches, the high-voltage doped region 
serving as a common source/drain region and a control 
gate; 

forming a gate dielectric layer over the substrate; 
forming a select gate on an outward-facing side of each 
floating gate, the select gate being isolated from the 
substrate by the gate dielectric layer; and 
forming a source/drain region in the substrate on an 
outward -facing side of each select gate. 

9. The method of claim 8, wherein each floating gate is a 
doped silicon layer, and the method further comprising: 
performing a thermal oxidation process to form a ther- 
mal oxide layer on top of each floating gate after the 
floating gates are formed, wherein the thermal oxide 
layer has a shape such that the floating gate has sharp 
edges, wherein 

the select gates at least cover a portion of the floating 
gates, and upper portions of the select gates are isolated 



from the top of the floating gates by the thermal oxide 
layers and lower portions of the select gates are isolated 
from the sidewalls of the floating gates by the spacers. 

[cio] 10. The method of claim 8, wherein each spacer com- 
prises an oxide/nitride/oxide (ONO) composite spacer. 

[cii] 11. The method of claim 8, wherein a bottom of the 

high-voltage doped region is as deep as bottoms of the 
floating gates. 

[ci2] 12. The method of claim 8, wherein the high-voltage 

doped region extends to a region underneath each float- 
ing gate. 

[ci3] 13. The method of claim 8, wherein each floating gate 
completely fills the corresponding trench. 

[cl4] 14. A non-volatile memory, comprising: 
a substrate with a trench therein; 
a tunnel dielectric layer in the trench; 
a floating gate that completely fills the trench and pro- 
trudes beyond the substrate; 

a high-voltage doped region in the substrate on one side 
of the floating gate, serving as a first source/drain re- 
gion and a control gate; and 

a second source/drain region in the substrate on an 
other side of the floating gate. 



[ci5] 15. The non-volatile memory of claim 14, wherein the 
memory further comprises: 
a gate dielectric layer over the substrate; 
a select gate located on said other side of the floating 
gate between the floating gate and the second source/ 
drain region, being isolated from the substrate by the 
gate dielectric layer. 

[ci6] 16. The non-volatile memory of claim 15, wherein 

the floating gate is a doped silicon layer with an oxide 
layer on its top portion and spacers on its sidewalls, 
wherein the oxide layer has a shape such that the float- 
ing gate has sharp edges, and 

the select gate at least covers a portion of the floating 
gate, and an upper portion of the select gate is isolated 
from the top of the floating gate by the oxide layer and a 
lower portion of the select gate is isolated from the side- 
wall of the floating gate by the spacer. 

[ci7] 17. The non-volatile memory of claim 16, wherein the 
spacers comprise oxide/nitride/oxide (ONO) composite 
spacers. 

[ci8] 18. The non-volatile memory of claim 14, wherein a bot- 
tom of the high-voltage doped region is as deep as a 
bottom of the floating gate. 



[ci9] 19. The non-volatile memory of claim 14, wherein the 
high-voltage doped region extends to a region under- 
neath the floating gate. 

[c20] 20. A non-volatile memory, comprising: 
a substrate with a pair of trenches therein; 
a tunnel dielectric layer in each trench; 
a pair of floating gates each filling a trench and protrud- 
ing beyond the substrate, wherein sidewalls of each 
floating gate is disposed with spacers; 
a high-voltage doped region in the substrate between 
the floating gates, serving as a common source/drain re- 
gion and a control gate; 

a pair of select gates on outward-facing sides of the 
floating gates, wherein each select gate is isolated from 
the substrate by a gate dielectric layer; and 
a pair of source/drain regions in the substrate on out- 
ward-facing sides of the select gates. 

[c2i] 21. The non-volatile memory of claim 20, wherein 
each floating gate is a doped polysilicon layer with a 
thermal oxidation layer on itstop portion, wherein the 
thermal oxide layer has a shape such that each floating 
gate has sharp edges, and 

the select gates at least covers a portion of the floating 
gates, and upper portions of the select gates are isolated 



from the top of the floating gates by the thermal oxida- 
tion layers and lower portions of the select gates are iso- 
lated from the sidewalls of the floating gates by the 
spacers. 

[c22] 22. The non-volatile memory of claim 20, wherein each 
spacer comprises an oxide/nitride/oxide (ONO) compos- 
ite spacer. 

[c23] 23. The non-volatile memory of claim 20, wherein a bot- 
tom the high-voltage doped region is as deep as bot- 
toms of the floating gates. 

[c24] 24. The non-volatile memory of claim 20, wherein the 
high-voltage doped region extends to a region under- 
neath each floating gate. 



